Previous researchers have interpreted the phenomenon of directed forgetting in terms of animal short-term memory and rehearsal. An alternative explanation-that directed forgetting is attributable to the response or nonresponse to a sequence of stimuli-is proposed and tested with rats. Rats were tested for directed forgetting using a variation of the standard directed forgetting task, in which the sample was followed by either a remember cue or a forget cue, and in which there was a second cue immediately before the presentation of the comparison stimuli. Results appear to support the memory and rehearsal explanation of directed forgetting.
in which the comparison stimuli are presented on trials in which the Fcue followed the sample stimulus. According to the rehearsal hypothesis, the R-cue initiates rehearsal of the sample stimulus during the delay period, and the F-cue serves as a signal to the animal that it is not necessary to rehearse the sample stimulus during the delay period. Thus, directed forgetting is generally defined as a performance decrement on probe trials (in which the comparison stimuli follow the Fcue) as compared to performance on R-cue trials (in which the comparison stimuli follow the R-cue). Maki and Hegvik (1980) supported the rehearsal hypothesis of directed forgetting; their pigeons showed poorer performance on F-cue probe trials than on R-cue trials. Santi and Savich (1986) , also studying pigeons, manipulated the placement of the R-and F-cues within the delay period. They found that when the R-cue was placed further into the delay period, matching accuracy decreased. Timing of the F-cue, however, did not affect matching accuracy. Santi and Savich concluded that "pigeons actively maintain or rehearse information derived from the sample stimulus during the retention interval," (p. 368), and that "R cues can initiate and maintain rehearsal." (p. 369). Grant (1981) studied the effect of two-cue probe trials on directed forgetting . He found that on probe trials in which the R-cue immediately followed the F-cue, accuracy went up, relative to probe trials where only the F-cue was presented. On probe trials in which the F-cue immediately followed the R-cue, the F-cue reduced the effectiveness of the R-cue. Grant concluded that the animals actively rehearse after the presentation of the R-cue and that they learn to forget (or to not rehearse) after the presentation of the F-cue. Stonebraker, Rilling, and Kendrick (1981) manipulated the timing of the R-and F-cues within the delay period. They found that if the R-cue immediately followed the F-cue after the presentation of the sample stimulus, the R-cue effectively "canceled out" the F-cue . That is, matching accuracy increased relative to trials in which the R-cue did not follow the F-cue. However, when the F-cue was presented at the beginning of the delay and the R-cue was not presented until the end of the delay, matching accuracy went down relative to trials in which the Rcue was presented alone. The R-cue in this situation did not cancel out the effects of the F-cue. Stonebraker et al. also noted that in probe trials in which the R-cue followed the F-cue, matching accuracy never reached the level that it did on regular R-cue trials, meaning that this cancellation was incomplete.
There seems to be a problem with the conclusions drawn by these investigators (Grant, 1981; Maki & Hegvik, 1980; Maki et aI., 1981; Stonebraker et aI. , 1981) ; namely, that this may not be directed forgetting at all, but may simply be the learning to respond or not to respond to a complex sequence or chain of stimuli. In other words, perhaps the "remember" and "forget" cues are instead learned as the "respond" and "don't respond" cues. If the animal has learned to respond only to the R-cue, then , during probe trials, in which the animal is presented with the comparison stimuli after the F-cue, it does not know how to respond; hence, the poorer performance on probe trials.
If "directed forgetting" is indeed simply a learned response to a sequence of stimuli , then the animals will respond (or respond appropriately) only after the presentation of the R-cue. For this reason, one type of probe trial in the present experiment contained the presentation of the F-cue, followed by a delay, followed by the presentat ion of t he R-cue , followed by the presentation of the comparison stimuli. Probe trials were also introduced which contained the presentation of the R-cue, followed by a delay, followed by the presentation of the F-cue, followed by the presentation of the comparison stimuli. For comparison, a third type of probe trial mirrored the probe trials in the Maki and Hegvik (1980) experiment, in which the F-cue was simply followed by a delay, which was then followed by the comparison stimuli. The scores on these three types of probe trials were compared to the scores on the two types of R-trials in the final analysis.
If, as suggested by the rehearsal explanation, presentation of the Fcue after the sample stimulus inhibits rehearsal of the sample, then the addition of an R-cue on the probe trials after an F-cue and a delay should have no effect. The animals should still perform more poorly on these probe trials than on the regular trials, in which the comparison stimuli are presented after the presentation of an R-cue. In the probe trials in which an R-cue precedes the delay and an F-cue, the animals should perform just as well as they did on the regular trials, because the rehearsal has already taken place , and the addition of an F-cue immediately before the presentation of the comparison stimuli should not affect this rehearsal.
If, however, the poor performance on probe trials in the original experiment was caused, not by the absence of rehearsal, but by the learning to respond or not respond to a sequence of stimuli, animals should do just as well on probe trials in which an R-cue is presented after an F-cue as on regular trials, because the stimulus to respond (the R-cue) is presented to them immediately before the presentation of the comparison stimuli. On probe trials in which an R-cue precedes an Fcue, however, performance should decrease relative to the performance on R-cue trials, because the last cue presented to the animals was the cue to not respond.
In other words, the predictions from the hypothesis that directed forgetting is because of a learned response to a chain of stimuli and the hypothesis that directed forgetting is attributable to directed rehearsal or nonrehearsal are opposite for both the probe trials in which the R-cue followed the F-cue and probe trials in which the F-cue followed the R-cue.
Method

Subject
Twenty experimentally naive, male, Long-Evans strain rats, approximately 120 days old, were used as subjects. During training, 4 of the animals died from illness unrelated to the experiment, and 7 did not learn the task, leaving 9 testable subjects.
Apparatus
The apparatus was an operant chamber approximately 30 cm on a side, with two 4-cm-wide levers mounted parallel to the front wall of the chamber, 8 cm above the floor, and 5 cm from the left and right sides of the chamber. The levers extended approximately 1.5 cm into the box. A 2.8-W signal light was mounted above each lever. There were four house lights, which could be illuminated in combination to produce a low level (approximately 1.5 foot-candles) , a medium level (approximately 17.5 foot-candles), and a high level (approximately 41 foot-candles) of illumination. The stimuli and levers were controlled by Apple lie computers, which were also used to record responses. Forty-five-mg Noyes pellets were used as reinforcement.
Procedure
Nine days prior to pretraining, animals were placed on a deprivation diet of 1.5 hr of access to food per day, with ad lib access to water. On the last day prior to pretraining, the animals were fed five 45-mg Noyes pellets 5 min before their regular feeding time.
Pretraining. Animals were first trained to press the levers, either lever delivering one 45-mg Noyes pellet to the food cup. The lights over the levers were illuminated during the entire daily session. During the next phase of pretraining, both levers were retracted for 2 s immediately after each response . From this point on, throughout the entire experiment, if both levers were in the box, both levers retracted after either lever was pressed, and if only one lever was in the box, it retracted after it was pressed . The rats were next trained to press only the lever that had the light on over it by presenting only the correct lever (the one with the illuminated signal light over it) for 27 days.
During the next phase, one of the signal lights came on for 5 s, and then both levers were presented at the offset of the signal light. The animals were rewarded only if they pressed the lever which had had the light on over it. When the animals had reached a criterion of 80% correct for 4 out of 5 consecutive days,1 the next phase was begun. This involved introducing a delay between the offset of the light (the sample stimulus) and the presentation of the levers (the comparison stimuli). The delay was .5 s the first day, and it was gradually increased to 5 s. When the animals reached a criterion of at least 80% correct for 4 out of 5 consecutive days, regular trial training, with the R-and F-cues (house light dimmed and house light brightened for 1. 5 s, counterbalanced), was begun.
Training trials. There were four types of regular trials, which were presented in a random order to each of the animals for 200 trials per day for 27 days:
1. Type R: sample stimulus (one of the lights over one of the levers), R-cue (brightening of the house light for 5 animals, and dimming of the house light for 4 animals), 5 s delay, comparison stimuli.
2. Type F: sample stimulus, F-cue. At this point, the F trials ended. 3. Type RR: sample stimulus, R-cue, delay, a second R-cue, comparison stimuli.
4. Type FF: sample stimulus, F-cue, delay, a second F-cue. At this point, the FF trials ended. (See Figure 1 for a schematic representation of the four types of regular trials.)
.Ii The purpose of the two-stimuli regular trials was to attempt to eliminate generalization decrement that might have resulted from having regular trials with only one stimulus, but probe trials with two stimuli. Because some of the regular trials contained two stimuli, and some contained only one, and this was also the situation which was present in the probe trials, generalization decrement should have been reduced or eliminated. Presentation of the regular trials continued until the animals had reached a criterion of at least 65% correct for 4 out of 5 consecutive days on at least one of the two types of remember trials. At this point, probe trials were introduced, and data collection began. Figure 2 for a schematic representation of the three different types of probe trials .) These three types of probe trials were presented along with the four types of regular trials for a total of 180 trials per day for 4 testing days. On each testing day, there were 30 R trials, 30 RR trials, 30 F trials, 30 FF trials, 20 F probe trials, 20 F-R probe trials, and 20 R-F probe trials presented to each animal in random order. Percentage of correct responses on each of the three types of probe trials and on the two types of remember trials (R and RR) was the response measure.
Results
A 2 (R-cue type: bright, dim) x 4 (testing day) x 5 (probe trial type: R, RR, F, F-R , R-F) mixed factorial ANOVA was used to analyze the data. The results showed no main effects of either R-cue type or testing day, and no interactions involving either of these two factors, so subsequent analyses were collapsed across these variables.
A one-way within subjects ANOVA showed a significant effect of probe trial type, F(4 , 32) = 5.105, P = .0027. Because the two alternative hypotheses predict different patterns of results, it was necessary to conduct planned comparisons to determine where the differences lay. If the rehearsal hypothesis were correct, then the percentage of correct responses in trial types F and F-R should have been significantly lower than in trial types R, RR, and R-F, but not different from each other. Also, no differences should have been found among percentage of correct responses in trial types R, RR , and R-F. If, in contrast , the learned response or nonresponse hypothesis were correct, then the percentage of correct responses in trial types F and R-F should have been significantly lower than in trial types R, RR, and F-R, but not different from each other. These results are presented in Figure 3 . Of the 10 planned comparisons, the five differences that were significant were: 
Discussion
The results of this study would appear to support the directed forgetting hypothesis, rather than the learned response hypothesis. If the animals really had learned to ''forget'' the sample stimulus, as suggested by Maki and Hegvik (1980) , then the addition of the R-cue following the F-cue in the probe trials should have had no effect. Performance on probe trial F-R should not have been significantly different from performance on probe trial F. This prediction was supported. Performance on probe trial R-F should have been better than performance on probe trial F, because the animals received the R-cue, and had already rehearsed the material during the delay, so the addition of the F-cue immediately before the presentation of the comparison stimuli should not have had an effect on the animals' performance. This prediction was also supported.
If, however, the animals learned only not to respond (rather than to ''forget''), then the addition of the R-cue on probe trial F-R should have increased their level of performance above the level of performance found on probe trial F. This prediction was not supported. Performance on probe trial R-F should not have been significantly different from performance on probe trial F, because in both types of trials, the animals were presented with the "don't respond" cue. This prediction was also not supported.
However, there is some ambiguity in the interpretation of the results. Rather than the animals learning to rehearse or not rehearse during training, they could have been learning to attend to only the first stimulus and to ignore the second stimulus. During the regular trial training, some of the R-cue trials had one stimulus, and some had two stimuli. Similarly, some of the F-cue trials had one stimulus and some had two stimuli. The problem with this training method was that the first stimulus predicted the presence or absence of the comparison stimuli at the end of the trial with 100% accuracy. The addition or nonaddition of a second stimulus was irrelevant; it provided no additional information about whether the animal would have an opportunity to choose between the comparison stimuli and possibly receive reinforcement at the end of the trial. Because of this, the animals may have learned to attend to the first stimulus and disregard the second. This would explain the obtained results as well as the rehearsal hypothesis.
Some slight indication that this might have not been the case, at least for the second R-cue, might be deduced from the failure to find a significant difference between trial types Rand F, but with a significant difference occurring when trial type RR was compared to trial type F. The subjects performed better than they did on F trials when a second R-cue was added, supporting the view that they did attend to the second R-cue. However, because no difference was found between the Rand the RR trials, it can not be conclusively established that the animals did attend to this second cue.
Finally, it is possible that, given the method of training, the animals learned to use spatial cues in order to remember the sample stimulus during the delay period. This was possible because the sample stimuli were mounted above the comparison stimuli. The animals, therefore, may have learned to simply wait near the light which had been on during the delay period in order to "remember" which lever to press, or to abandon their position near the lever during the delay period after a "forget" cue. That the pattern of results in this experiment can be explained by spatial position, however, is not relevant to the hypothesis put forth. The F-cue, in this case, does interfere with the rehearsal of the sample stimulus. The mechanism by which it interferes with rehearsal may be "forgetting" (a central mechanism), or it may be by abandoning the spatial position (a peripheral mechanism). So, although the results of this experiment show that the F-cue interferes with rehearsal, the mechanism by which this takes place is not specified.
